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APPENDIX - DETAILED GEOMETRY, DERIVATIONS
AND CALCULATIONS

A. TRANSIT

1. Bass Loss Factor*

This section derives the base loss factor (BLF) equation. The base loss

factor determines the number of platforms required to keep one platform on

S. .station.

I , 1.... The general. MLr is the cycle time of a platform divided by the time on station.

A cycle is defined as the time interval between overhauls.

The following definitions are necessary to develop the general BLM

equation. All times are in months.

Definitions

TV overhaul time

T Tr two-way transit time

ST5 t = time on station

T = total time in a cycle

*T Y
-- .I' b m overhaul coefficient (I/b is fraction of platforms out-of-

* V overhaul)

" • on statior ",equl ? ments in platforms

N total requirements to support 1n platforms on station

No ,H = number of platforms out-of-overhaul and available for operation

11Tcy on station requiremet, s in platform months/cycle

N I'Tcy platform months available from out-of-overhaul platforms to
provide on stat ion requirements

NM= fraction of total platforms out of overhauJ. which are in, upkeep

Us Navy Mid-Range Objectives MRO-78 (U), CNO Ser 0081, 0P93, (8 Oct 1966),
Part II, Chapter I1.
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N M . Cy total upkoep time in platform months/cycle

N T w training coefficient (fraction of non-deployed, out-of-overhaultime given to self training)

NT(N'T - nTcy)- normal self training time for non-deployed, out-of-7 Cyoverhaul platforms

nT
Tt - number of roundtrip transits/cycle from base to station

"inTCy T Tr

"---- number of platform months/cycle spent in transit

1*.I The out. of overhaul time per cycle is equal to the sum of the on station,

upkeep, training and transit -time.

nT T
SN'IT nT + N N'T + N (NIT - nT ) + -ySTrA-Cy Cy H Cy T Cy Cy Tst

Dividinq out- T and collecting common terms:
S~Cy

nTr
N' -NN' - NWT' N n - Tn + r A-2Tst

*~ TrT Ts"1+- N

N' St

n l- NM -NT

and,T

1I 4 ~- N']_£ T
BLn n , the generalized BLo' equation. A-3

In Section III of the report, only ready platforms are considered. Said
another way, the platformni are assumed to be out-of-overhaul, already maintained

and trained so that the out-of-overhaul, upkeep and training times are effectively

zero and the equation reduces to (see following page):

j A-2
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T
St

T St + TTr

TtS Tt A-4

This equation represents the number of ready platforms needed to keep one

on station.

The impact of transit speeds and platform endurance on force level require-

monts can be evaluated by this BLr- equation. In this approach, the total en-

durance time, TE, is defined as the two-way transit time plus the on station

time and is given by the expression

TE B TTr + T~ t

Then the BLW can be written as

S~VTrT
Tr E

DXV Tr T L

-where D - two way transit distance

VTr " transit speed ,\

.D

I' The total endurance time can be written as

i'L A-6• li T~~~E V VTr-••'IF2 i -

Ior any given transit distance, the 3LF is reduced by increasing the product

of the total endurance time and the transit speed. The overall change in force

level requirements which results from increasing transit speed depends on the

effect on platform endurance from that increased speed. When endurance is rela-

tively independent of speed, increased transit speed will result in reduced force

Sk. •,level requirements.

I ,. A-3
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In the case where the platform endurance is a dependent function of its speed,

the overall affect of increased transit speeds on force level gequirements in not

immhdiatoly apparernt.. This effect can also be evaluated by the BLF equations. In

- this discussion the endurance of platform,; using conventkonal propulsion is assumed

to be limited by the amount of fuel they can carry (assuming that refueling is pos-

sible only at the origin).

1'- When fuel is the quantity that limits endurance, the time on station can

I. Tbe defined asI
Fuel Available On Station

S " Fuel Consumption Rate On Station

The fuel available on station is the difference between the fuel that was avail-

able at the origin and the fuel necessary for two--way transit.
I: D

* Fuel available on station F - rSV2 Tr

whure

SF P fuel available at origin

y' .' fuel consitnption rate while in tranrsit

A Thus, - r
V rrVTr

______A-7
TS r

St

where

rs fuel cornsumption rate whil.e on station

[S. ts

r

A-4
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. -: . .. .. -. , . . . ,-

The total endurance time TF, is approximated by the expressions:

Tr T +T
E Tr St

A-8"VTr rSt

The base loss factor can then be written as

T + T"Tr St
T
St

D
Vr -StI v-I + D 'I A-9
r v Tr

when fuel limits vhe en6urance of the platform.

AA..'I
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F . This setion derie theeqaton used for the economic analysistol

transportation cost includes all costs associated with transporting the

crofrom an origin to a destination and is the sum of three -omnponent'

costs-

-- the dollar value of the cargo which could alternately be invested

at some rate of interest during the time of transit

-- the cost associated with operating the platform (speed

independent)

-- a speed dependent cost related to energy consumption

The value of the cargo at the origin is the number of tons of cargo times

the value per ton of cargo. The value per ton of cargo can be expressed as the

dcllzr -.vu of th-! z-arSc or,~~h~ dollar valueo efficn the cargo has -a worth

beyond the market value. The cargo value could be alternately invested during

the time of transportation from the origin to the destination. The portion of

1< the total transportation cost which is assigned to the cargo itself is the cargo

value times the investment rate timnes the transit time.

The trans~portation costs due to the particular platform used are divided

into the platformn operating costs (speed independent) and the onergy consump-

tion of the platform ancl equipment, personnel costs, maintenance, port fees,

overhaul and special coost~ due to the particular exercise. Thene operating

costs can be added together and divided by the product of the. lifetime operating

hours of the platform and its cargo rapacity to obtain an average platform

4 A-6



operating cost per ton hour.* These costs were assumed to be independent of

speed for this study. Some of these costs would become speed dependent if the

platform utilization varied because of changes in speed.

The speed dependent costs were identified as being chiefly related to

energy consumption. Energy consumption is a function of the propulsion sys-

tem and the mode of transport.

The transportation cost is given by the expression:

Transportation Cost L CQIT + C0 QT 4 kV"DQ

where:

C - cost of cargo (dollars/ton)

Q = number of tons ot cargo

X - investment rate (%/hour)

T - time to transit from origin to destination (hours)

CO  operating cost (dollars/ton-hour)

V speed of transit (knots)

k proportionality constant relating speed to fuel consumption

a proportionality constant relating fuel conntunpt:ion to mode of transit

W V energy consumption co.t/ton mile

ad = distance from origin to destination
and

TransJ°:ort-'-tin-c-;t ( . C 4 kVl A-10
'on•Milo V

The sender would like to minimize the total transpoprtation co[tt per ton mile

by choosing a V such that the transpo tation cost per ton-mile is a minimum.

*Referonces for oporating corit: data include The, tt.ilf.t-- of Hi gh P.erforniainc_

Watercraf t for Se:l.ect'ed Minn:.ro:; of the United .;t:at.3 C'oilst GCuard (11), Pro--
3ect 721530, Center for Naval Analysis, November 1972.

"1' A-7
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Transportation Cost
i t Ton'Mile ) (Ci C + -i

Tol M + kV a-l 0
SdV 2

CI -+ C
V a+1 

-"

opt ka

SV~opt ka A1

where V is the speed that minimizes the cost of transporting the cargo.

opt

When CX is much smaller than C, then 1

(opt e A-12

3. Sustained Logistic SuIport

This section develops the equations for the number of platforms required

to fill a pipeline.

Suppose that Q tons of cargo must be delivered during a time period, T.

The average rate of delivery must be

I p Tons
T Unit Time

Let each platform have a payload capacity of Qp tons. The time interval

,.V between platforms is

ITQP
t

The time for a platform to deliver the cargo is the time in transit plus theI D
loading-unloading time. The time for a one-way transit is 1, where

UV

r

I'



D one-way transit di'stance (rnm)

V - speed of transit (knots)

Thr loading-unloading time is , where r is the loading-uinloading rate in
r

tons/hnur. The time for a roundctrip is

2 t (t+ r
Vr

The rouindtrip Jiae dividec2 by the time interval between platforms equals the

number of platforms required to fill the pipeline. Thus, the number of plat-

forms, n, required to fill the pipeline is given by the expression

21)Q
n . (R + ) whe,-e t=- 2  A-13

t V rQ

or

n 2A-14
'.V VQ P rT vp r

The effects of changing the loading-unloading rates on the number' of platforms

can be expressed in terms of the relative number of platforms required to fill

the pipeline, compared to the number for a base case. This is given by

Sre]. ~A-15

where

yrel relative number of platforms

r* base case loaCing/urnloading rate

A.

•'* ,'f. •A-9



B. CONVOY

The purpose of this section is to demonstrate the appropriate geometry

derivations and equations used in the analysis cf convoy operations.

1. Area of Threat to the Convoy

The follow.ing discussion of the area of threat is an extension of Koopman's

Theory of Search. *

The area of threat to the convoy at an instant in time is the area from

which an attacker could detect. and approach the convoy.

The area of threat is a function of the attacker speed, the attacker weapon

speed, the attacker weapon range, the attacker detection range, and the convoy

speed. Figure 13-1 repeats Figure IV-l and contains the appropriate geometry

and rel ationships.

Cn.-o ! ,.. tF1i 4-1"1r:,'M-i wlon thp wp;,non range is zero and the convoy

speed is greater than the attacker speed. The limiting Lngle of approach is

determined from relative m,,tion considerations and is given by

0= sin B-I

where VA Speed of Attacker

VC =Speed of Convoy.

The area of threat in Case la is the sector of a circle whose radius is

equal. to the attacker's detection range and whose angle is the angle between the

two limiting lines of approach. This angle is (see second following page, 13-3)

3B.O. Koopman, "Tleory of Search, Part I, Kinematic Baseo", Operations Research,
Volume 4, (1956), pp 324-34G.

... ,13-1



Figure B-IV Area of a Threat to a Convoy for a Given
Attacker Detection Range As A Function of Convoy/

Attacker Speed Ratio and Convoy/Attacker Weapon Speed Ratio
and the Attacker Weapon Range

Case I VC > VA

C-.se Ta Case lb

V W VA (or R. Wa0) 6V C > Va w > V A

C A

a

I*a Case Ic

V w oa > vC > v A

M lqore: R Da' Detection Range of Attacker V A = Speed of Attacker

SRW Weapon Range of Attacker V Speed of Attacker's Weapon
V Speed Cf Convoy

SB-2
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I (VA-2

Thus, the threat area is

A sin- ~)I 3

a

and the normalized threat area for case Ia is

A

a

where Ra = detection range of the attacker.
a

When the weapon speed is greater than the convoy speed, and the convoy

speed is greater than the attacker speed, the threat area is as shown in Case Ic

in Figure B-I.

The threat area for Case Ic is a function of the attacker speed (VA), the

convoy speed (Vc), the attdcker weapon speed (Vw ), the attacker weapon range

(1W ) and the attacker detection r:ange (1D). Let point 0 (see Figure B-2) be
Wa

a a
the convoy center at. the time of detection and let 0 define a circle with radius

Wohen VW > VC and VC > VA, the instantaneous threat area is bounded by the
a

path ABKCD2*'A. (When VWa > VC, the convoy can be threatened from behind by

the att.ack-r's w-.apons. ) The maximum threat Olr-tanc't from directly behind '.1h

convoy at point E at an instant in time is

V

a W aa

When only the attackor's weapon is considered, the area of threat to the

convoy as the convoy transits from 0 to P is the circle centered at P and radius
~Vc

RW Point P is a distanca C RW from point 0.
a VVI a

B-3
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Figure B- 2

h Geometry for Determining the Area of Threat WMon
Attacker Weapon Speed is Greater Than Convoy speed

and Convoy Speed is Greater Than Attacker Speed

A C

a

-1 A 
1 K0 = sin PD = RVC

C a• =

W I
V sil'~ .L V*~* OC' -

B- 4
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p
When the attacker speed is considered, the limiting lines of threat are

tangent to the circle centered at P and are at an angle sin to the
path of the convoy. Thus, the arc. FED, the limiting lines AF and DC, and the

arc ABKC are the boundaries of the instantaneous area of threat.

The instantaneous throat area can be divided into three areas--the segment

FGDEF, the segment AHCXBA, and the trapezoid with top AHC, bottom FGD, and

height GII.

The area is calculated as follows: the angle e is a function of the attack-

er speed and convoy speed and is the limiting angle of threat for an attacker.

The angle 8 can be calculated by determining the chord length CK. Lines OL and

CD are parallel and the line CD is tangent: to the circle centered at P. PD is

perpendicular to CD and OL, and PD equals RW . Chord length CK 2 (RW -x),

a a
where

X.- V I a 1 sin O V VRWa B-6
W a W a

a a

Thus, sin-~ (Ra DII V

The secjment AICLKBA is !;ubtendod by the angle 2(0 + B) with radius RD . The
a

area of the segment is,

( (2 (0 2 )) RD

a 2 v 2-a-[sin 2 (0 + )B-7

7T
The angle y is equal. to - -.

So the area of the segment I:DGF is,

S2 2

2a 2 sin(2Y) B-8

B-5-

2i
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"The trapezoid has a top AIIC nnd bottom FGD. We have AJIC 2R D sin(0 + 8),

and FGD 2R, siln(Y).
.a

The height of the trapezoid oan be calculated as 110 + PG - OP, whore,

O R cos(O + )
D a

PG R-- cos(y)

OP - RW
* W a

a

Thus., the 'area of threat is given by,

2 2

A 2(0 +) Ra sii2c0 +2 (Y &in( 2y)I N + ) 2 - -2
a a

[R sin(0 + 3) + I. sin(y)] x [R cos(0 + 8) +1RWcos(y)- ,I]q 3 B-9
a a a

( 8+ 1) +P.a (Y) 4 2 RW Cos

.C sEin (0 + s) + .in (y)]aW a
a

when VW V > VA

• a

with 0~ri -,',, vc /

and the normalizcd threat area for Case ic ia gciveou by
• i• , _ Ic

r' A I ._
Ic 2

* I .



2. Number of Escorts Required

The section develops the requirements for the number of escorts to provide

timely prosecution around the entire circumference of the threat circle discussed

in the text (i.e., Case II where the attacker's speed is greater than the convoy

speed.) For purposes of illuminating the problem, the convoy was considered

stationary. Relative motion of the .attackex increases with the component of

the convoy speed toward the attacker. The effect on the required speed of the

escort depends on the relative postions. In the most demanding case (attacker

dead ahead of convoy, escort dead astern), the escort speed requirement is

increased by an amount equal to the convoy speed.

The basic geometry is shown in Fig,-re B-3. The escort is stationed at a

point on a circle of radius R,, about the center of the convoy. An attacker is

detected at a distance R from the center of the convoy. The detection could

Le made by the esx(its, thc.- u.% ',w -ic tt aior%..ictL o"

satellitc. Thus, the escorte could have the sole task of intercepting the at-

tacker. 'rhe escort must: then cover the distance R between his position relative

to the center of the convoy and tho point at which the attacker could launch his

weapon in order to intercept the attack. The intercept distance, RV, again mea-

sured from the center of' the convoy, is taken to be equal to or greater than the

range of the atzdacker's weapon. The time within which the escort must travel

from the point of initial detection of the attacker to the point of interception

is
%- Rl

c B-10
V A

and (anssumJi.ng an cscort wuapon with infinite speced) the distance to the point of

interception is R V t + B-11

nB-7
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Where VA - Speed of the attacker

V E - Speed of the escort

RW - Range of'the escorts weapon

The angle, w, shown in Figure B-3, is one half the sector coverage of a

single escort and is given by
R2 +R2 -

O-I l+RE-R'K C os-JB-12

Then the number of escorts required is

SB-13
W

.Since the num~ber of escorts required is a function of the distance that each

conoyP~,the number of Psrlrvt can
: ~~escort is stationed from the center of the convoy, I:t. en~bro sre a

Sbe minimized for given values of R and RI by rl-:imiz4.ng w with respect to PE"

, dSe-'•tting ý_ . 0
dRE

and after simplifying, we get,

H7 R I + R2

which is recognized a! a right triangle with sides 1E and R.

Smx then becomes,

4

I

./• ', -8
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Figure B-3

Geometry for Dotermining theI~y. Sector Coverage of a Single Escort

rR

C

(iiL'Sctort Dhist ance

*All dlistacoCs arie rnoastred froin the center ofT the Convoy.



and the minimum number of escorts required is now

min

Considering the integer constraint, the minimum number of escorts is k 2 whenever

R > RX At R -RIa single escort, stationed in the center of the convoy, suffices.

3. Escort Sprint. Wpeed ReaquIremants

This section develops the escort: sprint spend required for a given convoy

speed of advance. Tho esc',ort must mu,.iintain a spoed of advance equal to or

greater than the convoy spoed of advw1ic-P, V , The escort:'s speed of advance

*is determined by his sprint speod, V the timo he spends driftinrT and

*his acoustic detection range, RD

* The geometry is'shown below.

CONVOY

in this case, the sprint distance is oqual. to RP. B3y choosing this

separation, the oucort sweeps a width oqunl to /3iR, normal to the convoy's spoed

voý: tor , providi ng convoy anrl eo,:or t imi .n toin ai c~onitant~ cours,".

The tima~ recluiroc'l for~ Lho convoy to t. ra vel. olic sPr .1t. T di stan~c-e is simply,

LC c:

1' 1B-10



and the time available for the escort to maintain station while covering an equi-

valent distan-e is, R.TE Do TDBi7+ T+ B-17
V E

in order for the escort to maintain a speed of advance equal to the convoy speed

of advance. Then, since

E TC

we get

Sor, 
f-la

VE TD C

VE = V . CB- 19 -
VE V -V
VE VV C

where R

V, --

TD

X If we increase the number of escorts to n, then the sprint distance becomes nR I

and equation B-19 becomes

SnRD VC

DC

a

VE V -V C 'D

VvV

VV - VC -20

where VV has been generalivod to
Ii~~~~~ 

_V• _ • • s rl td :Lstanco"TDd if i me = virtual speed.

drif t tizma

B-li
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*

The figure below shows the case n 2, with escorts A and B "leap-frogging" alonj

the path of the convoy.

A B A

' ~ ~~Convoy •.-•

iF.

IIl



I C. SEARCH

1. General

This section of the Appendix provides geometry and functional relation-

ships for the analysis of the effeots of speed on search operations in the

text. Discussion is limited to acoustic search and to reiteration of general

funrttional relationships in acoustics and acoustic search which are pertinent

to an investigation of the utility of search vehicle speeds,

There are two important factors which tend to bound the speed range of

interest for acoustic search. For surface or near surface platforms, flow noises

at speeds in excess of 30 knots reach a level at which the detection range is

for all practical purposes, zero. Herculean design efforts appear to be neces-

sary to produce any increase in this limiting speed.

At very low speeds, the prevailing background noise in the sea dominates

the problem. Thus, the theoxutlcal deLection ranges which .niqmht bn• ,)r"n in

a noiseless environment do not occur in the real world. In general, detection

rangus are limited by the environment to a constant value until searcher speod

* reaches about 10-15 knots, and then decrease with increasing speed, reaching

the zero value at about 30 knots.

Thus, the search speed of interest, for. the foreseeable future, lies between

10-15 knots and about 30 knots. -This suggests that the projecterl speed capa-
bilitios of most of the advanced naval vehiclle concepts (with the possible excep-

tion of SWATH ship:,) gain little or no support- from search function. This is not

untirely true since, in the analysis of sprint-drift or flying-drift search,

j we find a clear case for high sprinting (or flying) speeds between search periods.

-C-1 S..-. . . -. . ..



2. Barrier Search

The purpose of this section is to investigate the impact-of search speed

on the probability of detecting a submarine transiting a barrier. The geometry

of the pzoblem is shown below:

tav3
W - 2Roe

L0

a. Cnntinuous Search

Initially, we assume a searcher conducting a continuous random search in

his barrier station. Both active and passive sonar search are addressed. For

both methods, the detection range is degraded with speed due to flow noise con-

siderations.

Over the speed range of interest (10-30 knots) detection range as a fupction

of searcher speed (V) is approximated by;

-aV3
R = R e C-I0

where R = maximum deLection range for the given conditions (generally, range at
0 speeds of 0-10 knots)

a = 3 x 10-4

V search speed (knots)

and the equation closely approximates empirical data which indicates flow noise

increasing at a nearly linear rate of 1,8db/knot over the speed range of 10-20

knots.*

"" *R.J. Urick, Principles of Underwatter Sound for Engineers, (New York, 1967).

c-2
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I,-

The sweep rate is then given byz

Sweep Rate - 2RV 2R Ve CV32nmC-

The product of the sweep rate and some time (t) defines a' rectangle of width

2R e and length Vt to which one adds the end semicircles, with total area
02

equal to )(Roe , to obtain area swept in t, which iso3

S= 2R-0Cv Vt + C-3Area Swept=2l t¶~

The time required for the submarine to transit the barrier is given by

t -W_ (hr)
VS

where Vs submarine speed (knots)

W width of threat of detection to the -target (nm)

The total area swept by the searcher in time, t, is then:
32R e VW3

Total Area Swept 2 0 c V rR C C-4

and since
3

W 2R a-a (nm)
0

Total Pxea Swept . ir(R + aVR

The standard expression for the probability of detecting a submarinu tran-

siting a barrier is:

Total Area Swept
SPI 1 -rrier AreaPD 1 C-5

Therefore, -CV 3

2VR e

0 0
P D a iN5  2L Jc-6

where L length of barrier,

., C-3



b. Sprint-Drift Search

The purpose of this section is to investigate the impact.6f search speed

on Lhe probabilitý of detecting a submarine transiting a barrier by using sprint-

drift search. The geometry of the problem is shown belofe:

r3 R W ,- 2R

Rw

-L

Sprint-Drift Search

The result is an overlapping search pattern wherein the searcher sprints a

distance R at a speed V then drifts and listceit f9r •. time TD. He then sprhits

another distance R and continues to repeat the maneuver. Detection range is equa3l

to F (maximum for the environment) since searching is confined to the drifting

period.

The time to complete one segment of the sprint-drift search is:

T - + T (hr) C-7
SD

Where R - detection range (nm)

V sprint speed (knots)

TD drift (listen) time (hr)

C-

I.

/'( 1.. C-4

L______



The speed of advance of the searcher is then given by:

VI (knots) C-8
R + VTD

The sweep rate then becomes:

Sweep Fate 3/ RV I - 3R1V nm 2) C-9R + VTD hr

The time, t, required for a submarine to transit the barrier is

W
t W I

Vs

where W = width of barrier (nm)

V W speed of submarino (knots)S

Therefore, the total area swept out in time, t, using sprint-drift tactics is

T-to,. Area S,, 2). C-10
VS (1, + VTD)

2
When the initial area of detection, irR2, is added to the total area swept

and the barrier width is 2R we have:
•D le I(: ;T *._-iSP D = 1 -De - I .L ( R + V 'T D . 2 -l

Alternative qoorch tLacLics exist. Section F of '+is appendix compares +1ho

overlapping search tactic abovo with a random, non-oveilrappiny search.

IC
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3. Open Area Search

The purpose of this section is to investigato the impact of search speed

on the expected number of targets detected per hour using continuous open area

search. The detection range is degraded with speed due"to flow noise as in

the barrier case. The targets have an average density per square nautical

mile and have uniformly distributed track angles.

The geometry of the problem isj shown below.

V S

I ~

SOpen Area Soarch

a. Continuous Search

'The expre.s;s.t.on for the number of targets detected per hour is based

on Koopman's theory of seiarch, and is modified in this analy,;is to include

the effect. of flow noise on dotection range as the search speed is increased.

The number of tar(.-e(-s det~ected per hour is given by.

( 3 ir

N a (V 4. V Ell N 2~v 2 . -.. sin2  ýd) C-12
oII J (V ± Vs) 2

C-6

. I



Where V - search speed (knots)

V - target speed (knots)
s2

N w target density (number per nm2 )

Ro- detection range at zero speed (nm)

C& A 3xlO"
4

(v-€) /2

* target track angle (degrees)

The integral expression is an elliptic integral and is readily evaluated

using standard tables of elliptic integrals.

b. Sprint-Drift Scarch

The purpose of this suction i; to iinvestiyaLe the impact of search speed

on the expected number of targets detected per hour using sprint-drift tactics.

The geometry is essentially the same as in t!ie barricr case, with the exception

that the seatch 4A•ea is unbounded.

A first order approximation to the expect~ed numbeo of targets to pass within

a distance, R, of tlhe so;trchor during a drift (listen) period in given by:

N • NIR2 I 2Nriv, iT C-13
0 s D

whore the quantities in the exprossion have been previously defined.

The num-er of targets detected during one listen period is the stm of the

targets inside the radius of dcotoction at the beginning of the period plus the

number that: enter during the listen period.

Hence, the expectod nmbe'or of targets detected por hour is the number

detected per listen period divided by the duration of the cycle, i.e.,

2"Ni R t.1:2 2NRZV 11

N •- C-14o R

, i " TD/ V

,,?,! ,c-7



The number of targets detected per hour given in equation C-14 illustrates

the impact of speed when sprint-drift search is used. This approximatinn can

be modified to consider different approaches to the search tactic. For example,

equation C-14 does not differentiate between targets that were detected on pre-

vious looks and taiqets that are new detections. Thus, some targets are counted

more than once. These duplicated detections could be subtracted to give the

number of new dotaction'i por hour. The sprint distance could be optimized for

a given sprint speed. In addition the number of detections at zero speed de-

ponds on the initial as:jumntions about the searcher. For example, if the search

is required to sprint a given distance before listening, then the number of de-

tections at zero npeed is zero.

I8
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D. PURSUtIT

The purpose of this appendix is to demonstrate the appropriate geometry,

derivations and equations used in the analysis of the utility of speed in pursuit.

1. Pursuit Curve*

The geometry for deriving the curve of pursuit is shown in Figure D-1.

The curve (AB) is traced by a point P (pursuer) which moves in such a

manner that its direction of motion is always pointed toward a second point

P' (pursuee) which moves along the path (CD). The speeds of P and PI are taken

to be constant. The problem proposed is to construct the curve of pursuit (AB)

when (CD) is given and the speeds of P and P' are known.

The simplest problem of this type is that for which the piath of the pirrnviur

Lb c LLLilyhL ieu,

Let P - (x,y) be a point on the pursuer's curve and P' - (w,z) be a point

on the path of the pursuee.

The curve traced by P' is given by

f(w,z) 0

Since the tangent through P pas.•ot through P' the pursuit equation can be

written as (z - y ) -(w-x) D-2
dx

a,ot the speed ratio of the pursuer to pursunee bo given by • , then

Sntroduc'tion %t:o Nonlinear Differential and Inteqral. Equritions, U. S. Atomic
Energy Conunission, U.S. Government Printing Office, (Washington, D.C., 1960)

I pp 113-128.

D-1
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Geometry For De~riving The curve of Pursuit

A

dy d

dx

C

ddc

dw

D

P =Pursuer
P's Purolloo

VA13 = Patti of Purs~uor
CD -Path of Plur~aicaLdo -~ El aont, of Arc on Pursucr '. VaPth
d ( E.ILurnont of Arc On PrsulcmSA0 S Tt

D-2



ds do
''where ds and do are the elements of the arcs of the pursuer and

pursuce respectively.' We then. have the equation

2 2 2 2 2dx + dy (dw + dz) D-3

Since y, w and z are functions of x, D-3 can te written in the form

. dx)+( J )]

Differentiating f-i and D-2 with respect to x, we get

af dw +f dzr =0D-
5-w dxý 3 z dx

and

a z k:. ( w _ x) + dwDdx dx 2  dx dx

Yeii tih propor values for D-1, D-2, D-5 and D-6 are substituted

into the right-haud. membejr of equation 6- 4 , Che differential equation of Lhe

curve of pursuit is obtained.

Applying this general theory to determine the curve of pursuit, when the

pursuea moves along a straight line parallel to the y-axis and a distance d

from the origin, we gct

w~d and 0-~.

From equation D - 6

. - x) D-7dx dx2

Subu.-tittiting 1-. 6 into 1- 4 , the f0ollowing differential equation is obtained.CI.
, k~~~dx;,) -

' .k)2 (D-3x,'

fl-

1>1
' ' ' ' ' ' ' il I•i"i i-- -ii-3"



Integrating D-8 twice yields the equation

SX)1A + -X) + + Xj D-9L .2 ( -J I•2 c(l + •

Figure D-2

Geometry For Pursuit Curve When
Pursuee Moves Along a Straight Line

I

/ •P

0 r

Pi 0-.-- c_ .....

PC d

PP' - d' d- 6 sec(O - d c.jc0
2

PI = Path of Pursuer

P'I T Path of Puruuee

At x 0, y 0, and dy tan(O -( 2-) -cotO. Now,
dx 2

,d(d-.x)- -X(d- x) /D-I0
(IX 2 .l X)

IN

D-4
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Attx O

-coto = [c1' d

c dl/c (-cotO + cscO) D-l1

We reject -d '(cotO + cscO) as a spurious solution (it gives the case when

th&e direction of the pursuee is reversed, i.e., when the tracking angle is

ir - 0).

Substitution for c in equation D--9 yields (at x 0)

0 = - -cot-. 4. cs.,O0)d + - -- d + c, D-12
2 1 + i coto + esc ]+

Solving for c'

/ 2 \

If r. 5 1, capture takes place when x d d, i.e., whun

2

- l

2 /

The capture di.tance is thus,

1' ,~



Ip' IC - P'C

21 2OS
: o_ - d'sin(O -L

2 -1/ 2

4o .d' 50 di1

thec o" ) d'I

where 1' is the initial separation distance.

The derivations above take the weapon range, R., to be 0. If we consider

a pursuer with a positive weapon range, 1W, and infinite weapon velocity, then

capture occurs when the distance between pursuer and pursuee Is RW. In the fol-

lowing derivation we take the trackinq anqle to be •-= 90o) and normalize all

distances to the inxtial separation distance d.

Figure D-3

(x, y) dxI.
B C

JiI

D-6

................. . I



'DC - normalized initial separation distance

PP' - normai.ized distance between pursuer and pursuee

BPI - pursuer's path

CP'IX pursuce's path

-- W pp,

2 D1
dx + (1 X) D-16

(+ 1 ( -x)

- 1-X)-I/ + (U X)- I/ 11 -l X)

S(I + ~ /,4 (I -X1'"./ D-17

If we let z (1 - x) D-17 becomoas

Z+ + - 1 _+ - 0 D-18

For arbitrary G, D~-lI does not have a genOeral. nolution so we must use numerLcal

methocds3, e.g., Newton's meithod of iteration, L:o uvaluat'e z.

The normalized capture. ditance is thus

!, •~ ~~~~ (1 [• • 1 z,..iP.I -, S - 0 X)

2 D-19

Trhe caipture distanok is (d) (111C).

'1
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2. Constant Bearin1l Intercept

The geometry for deriving the oquation for constant bearing inteorcept is

shown in Figure D-4.

The line (01) is the projected track of the pursuce and the line (QI) is

the intercept course followedr by the pursuer.

The pursuee is initially detected at 0, a separation distance, d, fronii the

pursuer, who is located at Q. The pursuee's direction is at an angle 0 to the

direction OQ.

YP'igure D-4

Geometry For Constant Bearing Intercept

?2

d-

V~t

• "

0

09 d Ini.tial Separation D-istance
01 el rojectud T.racl< of' IPtir:uec
QI lr ItcrOept: Pa Ith of Purn-.•uer

0 • In tial. T1i;dc Angle
L . Pursuer's ]uad Angle

I V Pursutec'.; Spccedt p
V = Pursuer's Spoed

t - Time D-8



* m

The pursuce than moves along his projected track (01) at a constant speed,

*Vi,. The pursuer sets off on his course (QI) and load anqlo •, to intercept

the pursuee at point .E. , The pursuer also maintains a constant speed VP.

By the law of cosines

2 2 2 02
d + (VP t) - 2dV? L co,;0 - (VPt1-) 2 0 D-20

2VP t Cos 0 ýL 7 V 1 ,t) 2 c0.92o0 (~[V. 't) (V~t)2]

2

or d = V t cosO + \(Vpt)2(cos420 -. 1) + (Vpt)2 D-21

PII. ~Dividing through bY VP~t, n etn

(VPf'
then

d 2 2COSV, + U_ + (,os - 3.) D-22
_P t

Since the desired meas:ure iýs capture distance/initial sepax.ation distance,

we inwvrt 1) - 13 and obtain

VPt +l D 2

Suppose that the pursuer is armed with a weapon that has a range RW. The

pursuer .n, obj ct:ive in to maihntain a constant (n;teady) bearing course and come

within a distaneo of the pvurnuoe in a spocIfied tilme, t. Then by the law of

the cosines:

J -!

.k. .



(vpt) 2  (d 2 ) + (V P't)2 - 2(d - Rw) (V' t) cosO D-24

or
2 p't. cosO .I. ,4 (V 'tl cos 0 - 4 't) -(V

dRw__ 2 - D-25

The weapon rangei requi.red is

d (c000 + -1 t.D-26

Tho pursuer could improve his performance by heading on a course so that

he would travel the minimum possiblu distance and still be a distant ' from

the target in a ,pecified time, t. This it! given by

lýpt + RW)2 = d 2 4. (Vp't).2 - 2dVp't cosO

or

1 2 + ) - 2dV. t cosO V t. D-z7

K

Kh

"I'
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PUrsuit With Intermittent Information

This section derives the basis for determining the probability that a pur-

suer is able to relocate a pursuee with the pursuer's on-board sensor system at

some time after the pursuer has received information that the pursuee is a distance

d away. The information processing and data link time is taken to be zero. The

pursuer travels on a straight course through the last known position of the

pursuee. The pursuce is assumed to be a point target (and not an area target,

such as a wake) and to move in any direction within the area of uncertainty. This

area is the circle which encloses the area of possible target location. Its radius

is equal to the sum of the initial location -rror plus the product ol. the pur-

suee's speed and the elapsed time since this location was made. In this simple

case it is assui.ieA that the pursumrl! .l'n-r hao a swath width WS within which the

probability of deltction is one. 'Outside this band tha probability of detection

is zero.

When the location error of the intermittent information system is negligible,

the initial area of uncertainty that could contain both the pursuer and the

pursuve has a radius

R1 -= VPT1 D-28

where Vp, ; pursuee speed and T time for pursuer to transit d-R (See

i.

I,

0-1
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Figure D-5

Pkur suer Position).

Pursuer Position Of funncr-
at time of update T 1 Pursuea Position

d R1 at time of

update

The pursuer searches on a constant coursewith a constant swath width, t.hŽough

the area of uncertainty. As the pursuer traniwitw through the area of uncer-

tainty, the area of uncertainty increases as a func.ion 'of the pursuec's speed

and the time for the pursuer to transit through the area of uncertainty.

The incremental change in the probability of detection is

W sVA'EIl.APD 0.( -1, )- 2. * D-29
D) it ( II +V ,T )

where

1 PD = probabilýt" the target was not detected in previous AT's

SWS swath width of pursuer

- V = mean relative speed of pursuer and VIPtI-sUe

WSAT'1 area swept- in AT

"D-12



?2

(RI +VpT)2 = area of uncertainty as it increases with t•imi

T t•ime that elapses after pursuer roaches R

Integrating

r WsVT
LU- ex) D-30

ixp I W *FP. v

Since V mean relative speed of the pursuer (V ) and the pursuee (V,,), we have
p

ITP 12 - sin2 a sin2' dP

2 (V + V,)0E

2_ V_,_ D-31

where, .. 'inor
Vp + Vp,

and, 'P2

E (o) is an elliptic intatjral of the second kind, readily evaluated using

standard tables of elliptic intxgrals.

The time for the pur'uar to complete a first pass through the area of

uncertainty is

T -T =i 2 D-32

where 1I 2 . time for pur.nier to overtake. pursuea if the track angle were 1.800

and T1. i time for pur•uer to overtake pursuce if track angle were 0°.

The probability that. the pursuer detects tho puntsuee on the first jass
through the are.a of unce•l'tai lty i~sI <v'

S4 WsEo W 1 .V. D-3

PD ' P 2 ( l exP D-33
i 112d

D-13
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4. Sprint-Drift Pursuit with Inte'rmittent Information

A special case of pursuit with. intermittent information is one whore the

pursuer must resort to a sp-int-drift pursuit tactic. A typical case would be

one where the pursuce is a high speed submarine and the pursuer's sensor is

acoustic and will not function continuously at the high speeds required.

in this analys-is the pursuer always sprints to the last known position of the

submarine. This is duo to the fact that the submarine may run on any course dur-

ing the purpuer's sprint period and therefore it does not benefit the pursuer to

attempt to anticipate the submarine's now courue and speed. Hence this process

can be viewed as a modified pursuit course since the pursuer" proceeds to the

last. known position of the submarine, as opposed to heading toward the actual

position as in the case of pure pursuit.

At some initial time, tO, the pursuer detects a submarine at some initial

distance, R 0  1c, then sprinrts to this datum ot a given speed, Vb, and liJtens

for a time, TD.

The time elapsed during the first sprint-drift period is

t V D-34
p

During this Lime, the submarine has traveled a distance

SI(,L Vp~tID-35

where V13 , nu :ubmarine (pursune) speed.

The Lime for tho next sprint-drift period is, then,
R1

2 V P

and the submarine travels a distance given by R2  Vpit 2.

T1he process iS repeatCUd until the liMiting value 11 n is reached.

J, ,,D-14



Since the location of each drift (search) portion of the cycle is the

location of the pursuec at the end of the previous drift period and each drift

period requires a fixed time (TD), this limit of convergence is reached when

the ground gained between sprints equals that lost while listening, i.e. if the

pursuer had infinite sprint speed the limiting distance would still be given by

the product of the submarine speed and the drift time.

The total time elapsed during the sprint-drift pursuit is then given by

T -, tI + t2 4. t3 + + t n

Using the;e basic expressions, the suparation distance can be determined by

an iterative process for eac(h successivO sprh[--"drift, and from this a sop-

aration distance history of closing distance vers•ui elapsed time may be plotted.

I1
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E. MANEUVER AND AVOXDANCE

1. Maneuver to Avoid an A proaching Weapoa

This section derives an equation for determining the speed at which a

platform must maneuver in order to avoid an approaching weapon. Several re-

strictive assumptions are made about the weapon and the m~aneuvering target;

thus, the derivation is illustrative and not definitive.

Figure E-1 illustrates the geometry involved for this case. The weapon

and target are heading directly toward each other. The target chooses to

maneuver when thb weapon is a distance, Dr,, from the target. The distance D

depends on the weapon characteristics, thn target characteristics and the poten-

tial escape path. The escape path used in this case is a path that is normal

to the minimum radius of turn that the attacking weapon can make. The mi.nimum

radius tArn that a weapon cani make is a function of the weapon speed and weapon

maneuverability (ic., number of gs the weapon can pull). In this section the

minimum turn radii,%: of the weapon is defined by a radius R, as follows:

V
2

w E-l
n g

where,

-V - weapon speed

n - limiting acceleration of the wuapjon (number of gs)

g - 32 feet/socond
2

In this limiting case example, the target .11 assumed to have no such restriction

and is able to turn ins tantaneounly towia*rd the escape path.

E-1
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FigTur e fl-I

Geometry for Target :Manouvering to Avoid a Weapon

Distance Target
Must Travel.

Target To Avoid
Weap/o Weapon path at Maximum Turning Rate

x
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Distance A Target Escape Path
At Time D I After Manrmuver

Target. S
Maneuvers tw /o

, IW adiur of weapon
erfoct:iveneni

Weapon DW Distance weapon Must

travol to intorcept
target- after maneuver
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To avoid interception, the target must travel a distance X + R before

the weapon travels a distance Dw on the weapon's minimum radius .turning path,

where, •
S

and,

1 S •separation distance between the target cnd the weapon when

the target starts his maneuver

R•,*6 weapon lethal effect radius

DW VW T R
.L S

T - time for weapon to travel a distance DW.-lD
, R tan (-•)

V

W
- 'T W...

path. The weapon lethal effect radius from which a target can cscapo by maneuver

(under the previous as.sumptions) is given by,

RW < VT T - X. E-2

where VT target speed

If the target acts intelligently, he will begin his evasive maneuver at the

time most beneficial to him, i.n, whn the required weapon lethal affect radius,

RW, is maximal. Putting equation E-2 in the form where only essential. parameters

are present we have

/ 
R

. .IW



Differentiating with reopect to DS and equatin,i with zero, we obtain

0 V'R 2  1 2 1 D

VW R2 +D 2./. 2+

2\.2
,i 2 2 

T -R

or D +4- R1)
S

which yields IW+ 4 
E-

DS %A R 2E-3

Equation E-3 gives the optimum separittion distanco for a target to begin its

manuever against a weapon when the target is able to turn instantaneously to-

wards its escape path, When the value of DS given in equation E-3 is used in

. F-9, �, nhve I-hp nOir xmnm weapon radius of effectiveness that can be

avoided under the above assumption.

E-
E-4-



F. A COMPARISON OF TWO SPRINT-DRIFT TACTICS

This section compares two different sprint-drift (or flying-drift) tactics

for search. This comparison is treated separately in the appon "x, since the

focus is on the relative merits of platform tactics rathe'r than specifically on

tCe utility of vehicle speed.

In each case:

Sis the sprint (or flying) speed in knots

T Is the drift time required to complete a search period in hours

Sis the detection range of the sensor (at zero speed) in nautical miles

The first tactic is described in Section C of this appendix, analyzed for

search effectiveness as a function of vehicle speed and usqd in Section V of

the basic report. In the first tactic:, the searchier proceeds at sprint speed

for a distance R , stops, drifts, and searches :or a period T. This cycle is

repoated Jalong a predetermined path of straight line segments. This tactic re-

sults in considerable overlap of search area, but there are no holes or "holidays"

left unswept.

From the geometric description in Section C of the Appendix, the area sw.pt

is approximately given by:
A -3R v"D' F-I

D1

where /3RD is the sweep width

V' is the overall speed of advance

with P 1 r-2

I~

and T is the total time of search. So long as T is large (i.e., several cycles)

kA
the approximation is cloue to the truu area nwept. The principal difference

F-I
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consists of the semi-circles at the end and beginning of the search and any area

lost in changing the direction of the search path.

For a continuing search (where T is large) the sweep rat'e is the total area

swept in time T. Since each sprint (flight) covers a distance RD at a speed of V,

from F-i and F-2 above, we have an overall search rate of:

A D •F-3

S -+ TD
V

The second tactic is to sprint to a new position such that the circles of

detection by the sensor during drift do not overlap. A vehicle conducting a ran-

dom search of this type (constrained by non-overlap) would spend a greater time

sprinting in each c.ycle and would leave large random holidays in the area to be

searcched.

The objective is to eulpare Lhu two tactics to dutermine the ratios of area

searched in a 'given time.

To simplify the calculation, the' non-overlap tact.ic used is a special case

where the scarcher sprints in a straight path a distance of 2D, which results in

consecutive detection circlos which are tangent.
Thus, the time of a single search cycle is:

211

F so that, in a total. time T, there are:

'.1 - look!, and

L 2 T. • *I

P-2

iV

'5<,, |
( F-
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the total area search'ed is:

F-4

2 -+ TD

Note that, in this special case, required sprinting time is the minimum for

a "random" search subject to the constraint. Thus, ratios of the search rates of

the two tactics are limiting calculations favoring the random case. (An indication

of the sensitivity of search rate to this assumption appears in Table P-1.)

From equation F-4, the s.earch rate for the random case is:

A D__F-5
A RD

2 -D + TD

Dividing equation F-3 by equation F-5, we obtain the ratio of the search

rate of the tactic with overlap to that of the random tactic:

I .L F-6
ir RD %+ T

Figure F-I plots, for various values of sprint (flying) speed, combinations of

drift time (TD) and detection range (R) at which the ratio of search rates is

unity. The accompanying discussion sheet pr6viden detailed development and com-

parison. In gene-al, fnr the assumed values of the paramcters, the random Factic

* results in higher search rates.

I.
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Figure F-1

Combinations of Drift Time (TD) and Detection Range (RD)
Yielding Equal Search Rates for Overlap and Random Search Taotics

(Calculated for Various Sprint or Flying Speeds)
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Figure F-1

Combinations of Drift Time (TD) and Detection Range (R.)

Yielding Equal Search Rates for Overlap and Random Search Tactics
(Calculated for Various Sprint or Flying Speeds)

Purpose

To indicate the relative search rates between:

a An overlapping search tactic along a path and

* A random search tactic

in sprint-drift or flying-drift search for various values of the pertinent

parameters.

Basis for Calculations

The figure is a plot of equal search rates for the two tactics for selected

sprint (or flying) speeds. That is, from Equation F-6.

i %

/ ( . -- 1 (for each V indicated)RD

where

V is the sprint (or flying) speed in knots

T is the drift time in hours required to complete a search period

(For sprint-drift, this inrcludes time for the towed array to settle

and tinie Lo ,ieaj:ch. For Llying-dirft, there is an additional drift

time required to stream the array before searching and to recover it

after the search.)

i'D the detcution rangU of the sensor (at zero speed) in nautical miles:

and the values of these parameters are the same for either tactic.
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The figure plots combinations of RD and T at which the value of the ratio
D D

of search ratee. is unity for the indicated values of . 'As indicated, for each

V, any combination of TD and R. above and to the left of the line is a case

where the overlap search rate is less than that of the random search tactic.

Principal Points

1. Current technology indicates the following approximate combinations of

the pertinent parameters:

V(kts) T D (hr) RD(m

*Sprint Drift. 80 0.3 10*-25

Flying Drift 200 1.5 10-25

As the figure indicates, 'the random search tactic produces higher scarc. rates

for these combinations.

2. There is, however, an artificiality in that the random tactic employed

is a limiting case wherein the sprint (flying) distance (2R ) is a minimum

for a non-overlajping random search. The sensitivity of the results to this

assumption was tested by considering a random search pattern wherein the average

distance hetwr.en search centers was doubled to 4R1 (still mAintaining the con-

straint of non-overlap). Comparisons of the actual search rates are tabulated

in Table P-I.

FI-
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Table F-I

Type oL Search Actual Rates (nm 2/hr)

RD 10 RD 25

Sprint - Drift

( -80, TD - 0.3)

Overlap 408 1767
Random

Sprint Di3tance = 2 RD 570 212-3
= " 4RD 392 1415

-lying-Drift

( 20 200, T . 1.5)

Overlap 112 666
Random

Sprint Distance = 2RD 196 1122

" " - 4RD 185 1062

3. In sprint-drift, the preferred tactic is sensitive to the average sprint

distance required for the random search. In flying-drift, random is clearly pro-

forred because of the higher speed.

4. The table indicates that for either tactic, sprint-drift produces much

higher search rates than does flying-drift. This is duo to the much higher TD/RD

ratio due to the assumption of 'I- 1.5 hours. Since any gain in detection

range (R,)) which may be possible should be equally available to sprint-drift

vehicles, comput-itive flying-drift vehicles would require some combination of

higher flying speeds, and shorter drift times than the val]ue assumed (TI)

1. 5 hrs.).

t.' . -



5. Finally, it should be noted that the search rate criterion is not the

final measure for comparison. If the specific scenario doscribing the search

area and threat were developed, the respective search rates could be used to

compute corresponding probabilities of detection.

!
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C. SEA LOITER (SEA SITTING) AIRCRAFT

This section of the appendix discusses sea loiter VLhicles generally

and compares (for a general mission) force level requirements of such vehicles

with those of air loiter aircraft.

Currently available information* on sea loiter vehicle concepts indicates

the. following:

Speed range - 200-500 knots

Gross weight - 500-1000 tons (CSA w 350 tons)

Useful load - 60%-70% (C5A v 50%-60%)
(Payload plus fuel)

The sea loiter concept implies a very .arge vehicle capable of high unit

payloads and long airborne endurance independent of the sea sitting characteris-

tic. Air loiter vehicle concepts have similar characteristics, except for the sea

sitting capability. .

Data on such vehicles is shetchy and specific missions have not been

defined. In this analysis, we assume three general. motivations for the

sea sitting capability:

1. Dramatic increase in total endurance resulting from the capability

to sit in a condition involving very low fuel consumption for periods of

up to several days. Under certain conditions, this Wiay result in

reduced force level requirements for a given posture (reducedI.
Base Lo•ss Factor).

"* ANVCWE, Interim Evaluation Seinnar, Air Vehicles Summary, Peter J. Mantle,
Technical D)irector, 26 March 1976.
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2. Short response times and capability for porforming missions requiring

high speeds.

3. Ability to utilize sensr systems not otherwise employable by aircraft.

Thus, the sea sitting concept makes it possible to combine the advantages

of the endurance (thus, lower BIF) and sensor capability of surface vehicles

with the rapid response (and surge) capability of aircraft.

However, unless the mission is such as to require both a surface vehicle

capability and rapid response, a continuing single station mission may be

equally fulfilled by a surface (or near surface) vehicle in one case or an

air loiter vehicle in the other.

Consider a mission which requires one vehilc continuously on a single

station. The mission is further specified in that, on activation by a detection

or on direction from base, there is a requirement for an aircraft to fly

continuously on station tor an unspecified, but long, period et time.

In this case, throughout any active period, there is no sea sitting

and the ready force required to support the mission is identical to that of

a comparable air loiter vehicle force. There is no appreciable difference

in the BLF* during thi.s period. The required force level of ready aircraft

would be the same. Thus, the only differenco in total inventory requirements

would be that resu]t.inq from the ):educced flying hours of ready sea loiter

aircraft during the non-activoe per:. ods.

There are, however, potential misu.ions where the force level requirements

for sea sitting aircraft cOuld be much smaller. Those occur when there is

a requirenioent for continuously occupying several such stations simultaneously

A "•, • *Defined as In SecLion A of thU Appendilx in terms of ready a/c only, -hat is
a/c on station plus a/6 in transit..

G-2
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(such as in a long barrier line). If there is a high confidence that only a

few of many stations might simultaneously be active, the sea sitting force

level can be tailored accordingly. The air loiter force cannot,

This can be illustrated by a simple example. Parameters are as follows4

number of stations which must be simultaneously occupied

n - maximum expected number of simultaneously active stations

TE - total endurance time of an aircraft (hr)

T two way transit time (hr)

T = mission time, flying on station (hr)
St

TS 0 sea sitting endurance time (fuel consumption assumed to be zero)

TE TTr + TSt for air loiter aircraft

Tr + Ts + T for sea loiter aircraft

Thus, as in Equation A-4, the required ready inventory of air loiter

aircraft is:

( •Tr+St1

For the sea loiter aircraft, the requirement reduces to:

i T~~r + Týt + nn) r + T S ,

aT "St.

Whenevor n is much larger than n and

T S is much larger than Tst

* the force level requirement for sea oitters is much smaller.
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Figure G-1 illustrates for a simple example where;

T - 10 hrs
Trr

T St " 10 hrs

TS 100 hrs

G
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Figure G-.I

Example of Potential Reductions in
Force Lovel Requirements Resulting From

Sea Loiter Capability

Numb(r of Read a/c Required
25

Tr. 1, 10 hrs

T S 10 hrs

STs W100 hru
20

Air Loiter -i

Sea Loiter -------

15

0 2 4 6 8 10

Number of Stations (n)

L.

/if. G'" 5

a .*I



Figure G-I1

Example of Potential Reductions in Force Level Requirements Resulting

from Sea Loiter Capability

PLurose:

To illustrate the potential advantage of sea loiter aircraft with long

sea sitting capability.

Basis of Calculations:

It is assumed that the maximum number of alert stations (na) is known

with high confidence and that funl consamption while sea sitting is ossential.y

zero.

Let n number of stations

na maximum number ot activ,'ited stations

TE total endurance time ot an aircraft (hr)

so that

T =T 4.St for air loiter cx/c, and

--.E ' T.St+" forsittea o. -i) (whe fuel consumption whi.]e

E Trs itting

Thus, the number of ready aircraft requircKl for air loiter is

! T
and for sea loiter is

"("iTr + 1`17 T)!r S

n T n ' na)
* t

' •., • Prinei.p]al Point:_s~

e I

,4I .• .i, A (n - ma) c•] otst larger, the d~itferonco in force levo.l requirements
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I -
gets larger. The DIF for air loiter remains constant; for sea loiter

the BLF reduces as (n - na) increases.

* 2. To the extent thaL sea loitering consumes fuel, these'differences will be

decreased. If tAe mission calls for continuous air operation commencing

at activation, each activated sea sitter must take off with enough fuel

to fly on station until his relief arrives, plus enough fuel to return

to base - that is, enough fuel for a two-way transit if his relief must

caome from the base (less, if nearby stations can be temporarily vacated).

In this case, sea sitting time must be raduced such that fuel remaining

can always meet the on station flying requirement and the transit back

to base.

I'
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